The WHO Application of ICD-10 to perinatal deaths: ICD-PM captures essential characteristics of the mother-baby dyad that contribute to perinatal deaths. We compare capture of maternal conditions in the existing ICD-PM with the maternal codes from The WHO Application of ICD-10 to deaths during pregnancy, childbirth and the puerperium: ICD-MM, to explore the potential benefits in the quality of data received.
Introduction
The link between maternal and newborn health is increasingly emphasised, with the Every Newborn Action Plan clearly highlighting that we will get a triple return on our investment if we focus on high coverage of care during birth and in the immediate neonatal period, resulting in the saving of lives of both mothers and babies, alongside the prevention of stillbirths(1). The events that cause perinatal death can result in maternal morbidity and mortality, and in the strategies for Ending Preventable Maternal Mortality (EPMM), it is highlighted that any approach to this must sit alongside improving reproductive health and newborn survival (2) .
Building on ongoing work related to classification systems for perinatal mortality(3-6), we have developed, through a consultative process, the WHO Application of ICD-10 to perinatal deaths: ICD-Perinatal Mortality (ICD-PM) (7, 8) . ICD-PM captures information to allow us to target the combined needs of the mother baby dyad. The ICD-PM separates perinatal deaths by timing of death (antenatal, intrapartum, or neonatal), and ensures that both a perinatal cause of death and the maternal condition at the time of perinatal death are captured (7) .
In the initial pilot testing of ICD-PM, two things became clear (9) . Firstly, there is scope for the ICD-10 codes that are currently applied to maternal condition at the time of perinatal death to be more specific, and thus better guide programs that would result in a triple return in investment. For example, maternal hypertension at the time of perinatal death in the current ICD-PM (following ICD-10 coding rules) is not delineated into the underlying causes, e.g. pre-eclampsia compared to essential hypertension. Secondly, the ICD codes used to capture maternal conditions in situations outside of a perinatal death (e.g. in a maternal death) are different to those used for the mother in the situation where the baby has died. We risk poor data by asking clinicians to use disparate codes for two situations that are in fact the same in their underlying pathology (e.g. eclampsia where the mother dies is coded differently to eclampsia where the mother survives but the baby dies).
The WHO Application of ICD-10 to deaths during pregnancy, childbirth and the puerperium:
ICD-MM(10) was released in 2012 and outlines the ICD -10 codes as clinically logical groups to be used in the case of maternal mortality. As these codes are also applicable in maternal morbidity, a system where the approach to maternal deaths and maternal conditions in perinatal deaths is aligned optimizes data collection and analysis. We aimed to test the ICD-PM system described previously(7, 9) using the maternal codes from ICD-MM, in order to compare this to the maternal codes currently used in ICD-PM, and to explore the potential benefits in the quality of data received with this change. This is the fourth in a series of papers related to the development and application of the ICD-PM (Box 1).
Box 1 Outline of the ICD-PM mini-series Development of ICD-PM and our pilot testing is described in this mini-series of four articles.
Paper 1(7) details the development of the ICD-PM. Paper 2 demonstrates the application of ICD-PM, using two perinatal death databases from South Africa and the UK(9). In paper 3(11), we use pre-term neonatal deaths as an informative case study of a challenging condition where ICD-PM allows better utilisation of data around the causes and contributing factors. Paper 4(12) explores the contributing maternal conditions and benefits of changes to the coding rules in the upcoming ICD-11, such that ICD-PM and ICD-MM would utilise the same maternal codes, which is currently not the case.
Methods
The development of the ICD-PM and the initial pilot testing of it has been described in detail in the first two papers of this mini-series (7, 9) . In brief, the application of ICD-PM to a perinatal death, which is based on ICD-10 coding rules, is as follows. The reviewing clinical team identifies the cause of perinatal death and this is later assigned a 3 character ICD-10 code (a letter followed by 2 numbers e.g. P22 respiratory distress of the newborn) by a trained coder. The 3 character codes can be further broken down in to specific disease subgroups, e.g. P22.0 Respiratory distress syndrome of the newborn. The process of assigning the maternal condition in a perinatal death is the same; the condition is identified by the reviewing clinical team and then a trained coder assigns a relevant 3-character main disease category code in ICD-10 (e.g. P00 fetus and newborn affected by maternal condition which may be unrelated to the present pregnancy), followed by a more specific disease subgroup code grouped under this 3 character code, e.g.P00.0 fetus and newborn affected by maternal hypertension. The ICD main disease category code that can be used for maternal condition in perinatal death can only be one of the P00-P04 codes.
Following the above process, the cause of perinatal death is grouped into the ICD-PM groupings for cause of perinatal death, designated with a leading A, I or N for the timing of perinatal death (antepartum, intrapartum, neonatal). The maternal condition is grouped in to 1 of 5 main groups for the maternal condition in ICD-PM, designated with a leading M (maternal). The ICD-PM groupings can be seen in Table 1 . 
M1
Complications of placenta, cord and membranes
M2

Maternal complications of pregnancy
M3
Other complications of labour and delivery
M4
Maternal medical and surgical conditions
M5
No maternal condition
The process of applying the codes from the ICD-MM to the maternal condition in an individual case is the same as described above, except that the main ICD-10 codes that are used in ICD-MM are the O00-O99 codes. The maternal condition is first classified with a 3 character main disease category code (e.g. O14 pre-eclampsia), and then, where appropriate, a more specific disease sub-group is applied, e.g. O14.1 severe pre-eclampsia.
ICD-MM then separates the codes applicable to maternal mortality in to nine separate groups. These groups are also applicable to maternal conditions where there is a perinatal death. In addition to this, ICD-MM has an annex (annex B2)(10) of codes which would not cause maternal mortality, but which may cause maternal morbidity and be a contributory condition to the maternal death. These conditions however may result in perinatal death, and so become the 10 th groups of codes from ICD-MM able to be used for maternal Table S1 .
South Africa
We extracted perinatal death data from the South Africa Perinatal Problems Identification
Program (PPIP)(13) from one province for the period October 2013 to January 2014, for stillbirths weighing 1000gr or more or those born at 28 weeks or more, and for all early neonatal deaths. Following a perinatal death, site based clinical review is undertaken and, along with assigning the cause of death for the perinate, the maternal condition at the time of perinatal death is also captured for every case. For each case in the database, a 3 character and, if appropriate, a more specific sub-group code for the primary maternal condition at the time of death was assigned. This process was done using both the ICD-10 codes currently outlined in ICD-PM and the ICD-10 codes used in ICD-MM. The codes were then mapped to each of the ICD-PM and ICD-MM groups for maternal condition.
The UK database captures all perinatal deaths in the West Midlands from 1997-2010. Fetal death data were collected from 20 weeks, but subsequently truncated from 24 weeks according to the UK definition of stillbirths, Postnatally, it included deaths up to age 28 days.
Data were captured from perinatal death notification forms which listed the primary and secondary causes, from which ICD codes were applied by a regional coding team, with codes for the main condition in the fetus or infant and the main maternal condition affecting fetus or infant. ICD-PM was applied to this database. The database was already populated with ICD-10 codes. Although the existing ICD-10 coding rules are that the maternal condition in a perinatal death should be coded with the P00-P04 codes, the maternal condition in this database was most often coded using the O00-O99 codes. In order that both the codes from ICD-PM and ICD-MM could be used, mapping between the two systems was undertaken.
For example, a case coded in the database as O14.1 (severe pre-eclampsia), which is an ICD-MM code, was coded in ICD-PM as P00.0 fetus and newborn affected by maternal hypertension. This mapping was also done in reverse in the cases where an ICD-PM code (P00-P04) had been used, such that we ended up with both an ICD-PM and an ICD-MM code for the maternal condition in each perinatal death. Ninety five cases (1%) were unable to be mapped to both and ICD-PM and ICD-MM code due to insufficient case information.
Results
We reviewed data on a total of 9661 perinatal deaths from South Africa (n=689) and the UK (n=8972). Within each main disease category in ICD-PM, there are more specific disease sub-groups which sit within that group and provide more information about the maternal condition. At this level, if ICD-MM groupings are applied to maternal conditions instead, a single specific sub-group in ICD-PM becomes multiple main disease categories using ICD-MM. The main disease categories in ICD-MM can be further exploded in to more specific disease subgroups. Figure 2 explores the spread of maternal conditions captured by one most specific sub-group ICD-PM code when the ICD-MM codes are used instead, using the example of fetus and newborn affected by other specified complication of labour and delivery (a specific disease sub-group within ICD-PM group M3). This most specific categorisation in ICD-PM becomes preterm labour and delivery, obstructed labour, obstetric trauma, and when the ICD MM codes are used instead. (Table S2) The main disease categories in each of the ICD-PM groups are each mapped to multiple main disease categories if the ICD-MM is instead applied to the cases. For example, fetus and newborn affected by maternal conditions that may be unrelated to the present pregnancy became pre-existing hypertension, gestational hypertension, pre-eclampsia, eclampsia, infections of the genitourinary tract, diabetes mellitus, maternal infectious and parasitic disease, and other maternal diseases complicating pregnancy.
At the next level of coding, each of the most specific disease sub-groups in ICD-PM becomes multiple main disease groups when the ICD-MM codes are instead applied to the cases. For example, fetus and newborn affected by maternal hypertension in ICD-PM became preexisting hypertension, gestational hypertension, pre-eclampsia, and eclampsia in ICD-MM.
The most specific disease sub-group within ICD-PM also becomes multiple specific disease sub-groups when the ICD-MM codes are instead used. For example, fetus and newborn affected by other specified complications of labour and delivery in ICD-PM became preterm spontaneous labour with preterm delivery, preterm spontaneous labour with term delivery, and obstructed labour due to shoulder dystocia in ICD-MM. 
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Discussion
Main findings:
We have demonstrated the increased clarity, specificity and applicability of a change in ICD-10 coding rules such that the codes used for the maternal condition of the time of perinatal death in ICD-PM would be the same as those currently used for the maternal condition in ICD-MM. At a grouping level, and other than the cases of no maternal condition, each of the ICD-PM groups become multiple ICD-MM groups in the change of coding of the maternal condition at the time of a perinatal death. Further to this, even the most specific disease sub-groups in ICD-PM become more specific, clinically relevant and informative if either main or sub-group disease categories in ICD-MM are used instead. The move between the two systems from 53 to 702 useable codes demonstrates this improvement in specificity.
Strengths and Limitations:
This is the first application of ICD-PM in two large databases from different resourced settings to inform the further development, dissemination, and implementation of ICD-PM globally. This is a valuable opportunity to advocate for changing the coding rules as we move towards the 11 th revision of ICD to improve the specificity, applicability, and relevance of the maternal condition captured in perinatal death. The disparate sizes of the two databases limit a direct comparison of data from applying the ICD-PM. The deaths in the South African database included stillbirths from 28 weeks gestation onwards or 1000gr (the WHO definition of stillbirth for global comparison), whereas the UK stillbirths were captured from 24 weeks gestation according to the national definition. While this wouldn't change the application of the system, it may change the overall ratios of causes of death and maternal conditions. In addition, the two datasets, being retrospective when pilot tested,
were not compiled using the same standardised instructions, which may have affected the coding. Both databases are English language databases. These limitations underline the importance of using standardised definitions across settings, including non-English language settings, and the need for training to increase local capacity to capture perinatal death.
Interpretation:
One of the challenges in classifying a perinatal death centres around the lack of ability to obtain detailed information about the entire clinical picture and the mother baby dyad from the cause of perinatal death alone. This may come from an inability to investigate in great detail the cause of perinatal death, particularly but not exclusively in the settings where most of the deaths occur (14, 15) . Due to the challenges of classifying the perinatal death(9), it is even more critical that maximal information is extracted from the classification of the maternal condition at the time of perinatal death. Assigning the underlying cause of death from the perinatal point of view can be challenging, given that many settings lack of resources to fully investigate the cause of death, and a lack of clarity around when to assign a particular cause of death. The ICD-PM document attempts to address these issues,
however it is still difficult in many scenarios to assign the underlying perinatal cause of The ICD-PM is the first perinatal death classification system developed with the specific intention of global applicability. The document, and the perinatal audit guide to be released alongside it, gives guidance on assessing perinatal deaths and capturing in detail the causes.
In pursuing a globally applicable, standardized system, we aim to improve the depth and consistency of information captured.
One of the aims of the WHO Application of ICD-10 to Perinatal deaths is that it is clinically relevant and easy to use. While we believe we have demonstrated this(9), a change in rules with the upcoming 11 th revision of ICD (21) such that the ICD codes from ICD-MM can be used in the ICD-PM would further strengthen this aim. It is clear from our analysis that the ICD-MM codes are also applicable for the main maternal condition in ICD-PM. ICD-MM has previously been demonstrated as a system that provides clinical specificity (22) and is easy for clinicians to use (23) . Aligning the codes in the two applications will potentially further deepen the clinicians understanding of the mother baby dyad, and of the ICD system, as has been shown when clinicians use ICD-MM(24) for maternal mortality.
Conclusion
ICD-PM uses the current coding rules of ICD-10. We have demonstrated that data becomes more informative when these existing rules are modified to allow the use of the same codes as are used for maternal morbidity and mortality. As we move towards ICD-11 and revisions are being considered, the use of more specific, applicable, and relevant codes outlined in ICD-MM for both maternal deaths and the maternal condition at the time of a perinatal death would be preferable. Not only will this add weight to the data around perinatal death, it will strengthen the link between perinatal and maternal outcomes, highlighting the importance of considering the mother and the baby as an inseparable dyad. 
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